Since the European frogs (Ran a spp.) have fallen under the German endangered species regulation, Xenopus laevis (South African Clawed Frog) is being used increasingly in animal research and education. Optimal growth rates and homogeneity of groups have not necessarily been attained as little statistical analysis of growth data has been available. Following metamorphosis, an as yet not understood variability of growth is exhibited by X. laevis. In this study the effect of environmental factors on this variability was determined. Feeding, population density, background colouring, water temperature, the availability of hiding places, water level and water care were each examined separately _Development of body weight and body length were recorded. A definite correlation between the feeding programme, population density, cover and water care on the one hand and growth on the other were seen. Of lesser importance were water temperature, water level and background colouring. The observed variability of growth is assumed to also be of ethological origin.
testing and for the demonstration of growth regulating factors (Grimm 1951 , Grimm 1952 . The embryo toxic effects of environmental pollutants have been tested using the tadpoles (Dumpert 1983) . Today X. laevis oocytes are used in expression cloning (Jentsch et a1. 1990) . Clawed Frogs are also important as indicators of radioactive environmental contamination (Giannetti et a1. 1990) . During recent years these animals have increasingly been used for school instruction (Raether 1978b,c) . Kiihler (1987) has shown that Ranidae can be replaced by Clawed Frogs in many biomedical experiments.
To date, generally accepted guidelines for the care of Clawed Frogs are rare (Elkan 1970 , Verhoeff de Fremeryl & Griffin 1987 . Wu & Gerhart 11991) deplored the fact that no comparative studies have yet been published, and that only anecdotal reports exist. Similarly, little statistical Laboratory Animals (1995) 29, 152-162 Laboratory rearing of Xenopus Jaevis evaluation of growth data is available. Therefore adequate optimization of growth rate and group homogeneity was not possible. Early studies do mention the influence of environmental factors on the growth of Xenopus tadpoles IGasche 1943 , Ochse 1948 , Nieuwkoop & Faber 1975 . The great variability of growth, especially also following metamorphosis, was only pointed out by Parker et 01. (1947). This study attempts to analyse some of the factors responsible for variability in development. Different environmental conditions were tested in order to optimize development. The development of weight and length was recorded.
Materials and methods

Breeding
According to Gasche (1943) and Ochse (1948) egg laying was induced by treatment with human chorionic gonadotropin (HCG). In our study breeding animals were separated according to sex and given no food for 3 days prior to hormonal treatment. On day one, 200 ill HCG (Sigma, FRG) were injected into the dorsal lymph sac of the male animals. On day 2, female animals were given the first HCG injection (200 IU). Six hours later, a second injection 1600ill) was given to the female, concomitant with the second injection of the males (200 ill).
Pairs of animals were then placed in breeding cages and kept under low light conditions. Makrolon type IV cages with grid flooring were used to protect the eggs from the parent animals. The eggs 153 were generally passed during the night.
Larvae were raised using standardized algae powder (Dose Inc. Mikrozell® J as food. Only those frogs which completed metamorphosis early (5 to 7 weeks following egg laying) were studied. For the evaluation of environmental factors young siblings at the same stage of the breeding cycle were used to each factor ( Table 1) . Animals of different weight and length had to be used. However, these were distributed equally amongst the groups to be compared, so that no differences in average length or weight existed initially. Ages at the beginning and length of observation periods are listed in Table 1 .
Environmental conditions
Eight frogs (4 males and 4 females) were kept in each tank [ Table 2 ). The tanks measured 60.5 x 41 cm at the bottom and were made of white polyethylene (RBB Inc., Item nr. 647034-30). For each frog 300 cm 2 of bottom surface area were available. Hiding places were not provided. With a water level of 10 cm and a total tank water volume of approx. 25 I, 3.11 of water were allowed for each frog. The pH of the water was approx. 7 1±0.2). The water temperature was maintained with thermostatic heaters (Jager Inc. 100 watt) at a constant 20°C (± l°q. The frogs were fed exclusively with Tubifex sp. This oligochaete (Annelida) is commonly used as live food in aquatic cultures. Food was available ad lib to the frogs. Previous trials had shown this to be the most acceptable food. Once daily half the water was siphoned off to remove faecal material and left-over food. The water level was restored again with tap water that had been allowed to stand for 3 days. To study the effects of different environmental parameters the management described above was varied as described under 2.3 a-g (Table 2 ).
Environmental factors studied a) Water temperature: Frogs were kept at 3 different temperatures. One tank was maintained at 19°C (± 1°C), one at noc (± 1°C) and one at 24°C (±1°C). b) Water level: Water levels were adjusted to 5 cm, 10 cm and 20 cm height. The water volume available to each frog was 1.551 in the first, 3.11 in the second and 6.21 in the third tank. c) Background colouring: The influence of background colouring was evaluated using white, grey and black tanks. dJ Cover: In one tank frogs were kept without any hiding place. [g] 60 f) Water care: One tank was connected to a high power filter system IEheim Inc; Eheim-Filter, 320 lIh). Filters were changed as necessary, approximately once a month. Water in the other 2 tanks was not filtered. In one of these tanks approximately onehalf of the water was changed daily and food remnants and faecal material were siphoned off. In the other tank water was changed only weekly. By that time the water appeared muddy. g) Feeding: Three groups of frogs were exclusively fed with only one type of food. The first received non-floating Xenopus pellets (Kahler Inc.j F 00200).
The second group received bovine heart, minced to a particle size of not greater than 2 mm. The third group was fed only Tubifex sp. Frogs in the fourth group were offered in turn Xenopus pellets (3 times weekly), bovine heart (2 times weekly) and Tubifex sp. (2 times weekly).
To document growth development all the frogs were measured once monthly (tip of mouth to the anusl, as well as being weighed. The data are presented as means ± SD. Comparisons between groups were made by one factor ANOVA. Calculations of pairwise comparisons were made by Fisher's PLSD test and Scheffe F-test. All statistical tests were carried out using the StatView 512 + software package. a) Water temperature: The development of body weight and body length was irregular in this experiment. Until the 4th month of experiment, frogs kept in water of 24°C showed the greatest increases in weight ( Fig. la) . This trend was not evident for body length (Fig. Ib) . Frogs kept in water of 19°C grew slower than the others for the first four months. However, during the last month of observation these frogs surpassed those kept in warmer water in body weight and length. In no month were the differences between the 3 groups statistically significant. months of observation. After the first month, frogs kept in the black tank [em] developed in body length faster than those (month] frogs kept in the tank without any cover showed better growth of weight ( Fig. 4a-b ). First significant differences were seen in body weight between the groups from the 7th month of observation onwards (ANaVA: P~O.OOOli Fisher's PLSD test:
P~O.05i
ScheHe F-test: P~O.051. Differences in body length between the groups were not significant. eJ Population density: During the first month the frogs kept in the tank with a higher population density grew faster. This changed with the 3rd month of observation ( Fig. 51 . Differences in growth between the groups increased with each month. After the 9th month the following differences were found: Frogs from the group with 22 frogs were significantly heavier and longer than these from the group with 37 frogs per tank ( followed by the group kept in water changed weekly ( Fig. 6a -bl. Significant differences in increases in body length between the 3 groups were seen already after the 2nd month. Clawed Frogs kept in filtered water showed a significantly faster increase in body length than frogs kept in water cleaned daily (ANOVA: P~O,Oli Fisher's PLSD: P~O.Olj Scheffe F-test: P~O.Ol). Significant differences in the development of body weight were also seen from the 2nd month onwards only between animals kept in filtered water and those kept in water cleaned daily (in the last month: ANOVA P~O.Olj Fisher's PLSD test: P~O.05) (Fig.6a) . The variability within a group was at first highest for frogs kept in water cleaned daily. The variation coefficient was 1/3 higher than for the other 2 groups. Later, the variation coefficient for frogs kept in filtered water increased and finally surpassed that of the group kept in unfiltered water (Table 3) . g) Feeding: At the end of the first month of observation differences already existed in the development of weight and length between the groups. Clawed Frogs fed only Tubifex sp. were already significantly longer and heavier than the others (ANOVA: P~O.005i Fisher's PLSD test:
P~O.Olj
Scheffe F-test: P~O.OIJ. This difference remained and had increased by the end of the 9 month observation period [ Fig. la-b ).
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From the 3rd month, frogs receiving mixed feeding grew significantly better than those fed only bovine heart [ANOVA: P~O.OOOlj Fisher's PLSD test: P~O.005i Scheffe F-test: P~O.05J, From the 5th month they also grew better than those fed only Xenopus pellets (ANOVA:P~O.OOOlj Fisher's PLSD test: P~O.05j Scheffe F-test: P~O.05J.
Between the 5th and the 9th month, frogs receiving Xenopus pellets were larger (length and weightl than those fed bovine heart, but differences were not significant.
Three frogs in the group fed bovine heart died, one each in the 3rd, 5th and 6th month of observation. Two frogs in the group fed Xenopus pellets died during the 9 months.
From the 3rd month onwards the variation coefficient was lowest in the group receiving mixed feeding. The variation coefficient of the group fed Tubifex sp. was highest (Table 3) . 
Discussion
Factors studied
In this study of X. laevis, 4 of 7 environmental factors examined were seen to affect the development of body length and weight. a) Water temperature: It was expected that water temperature would affect the growth of poikilothermic (ectothermic) anurans. It was therefore surprising that no differences in growth development were observed between Clawed Frogs kept at 19°C, 22°C or 24°C during the 5-month observation period.
Delays in growth in tadpoles of X. laevis kept at low temperature have been described (Ochse 1948) . The development of tadpoles is arrested at water temperatures below 15°C. The adults are also considered to be sensitive to cold water [Ochse, 1948) . This has been confirmed by Wu &. Gerhart (1991) . They found animals to be stressed at temperatures below 14°C and above 26°C. Our observations showed the vitality of animals not to be reduced. We were able to observe, for example, that animals continued feeding after a temperature drop to 8°C. Lerch (1948) also described maintenance of these frogs at 2-3°C without mortality. He states the optimal temperature for the species to be 21°C. Andres et al. (1948) found 23°C to be optimal. Other authors, as for example Raether (1978aJ and Parker et al. (1947L also give water temperatures in this range. How these optimum values were derived, however, is never explained. b) Water level: It was expected that a higher water level would increase the energy required for reaching the water surface, leading in turn to slower growth rates. This hypothesis could not be confirmed. The surprising degree of uniformity (weight and length) between the three groups demonstrates that water depth, at least for the range studied (5-20 em), does not affect growth.
Until now water level had only been examined for its effect on the rearing of tadpoles (Ochse 1948) . A tank with a smaller surface area and greater water depth was shown to be more suitable than a tank holding the same volume of water but with a larger surface area and less water depth. Ochse (19481was unable to explain this phenomenon. Parker et al. (1947) described frogs to be restless at low water depths. Escape attempts are mentioned. This behaviour could be interpreted as an adaptation to life in seasonal ponds. c) Background colouring: By shifting chromatophores, X. laevis is capable of making its body colour conform to its background (Bagnara 1976) . By the end of the 6-month observation period no tank colour had proved to be significantly more beneficial than the others. However, from the end of the first month onwards, frogs kept in the black tank grew fastest, frogs kept in the grey tank intermediately, and frogs kept in the white tank grew slowest. This placing never changed. It can therefore be postulated that a dark tank colour is better than a light one. Grimm (1952) also mentioned that frogs avoid lightness. For the raising of larvae, tank colour should be of no importance [Gasche 1943). 159 d) Cover: It was postulated that the availability of hiding places would reduce stress and promote growth. This hypothesis was not confirmed.
More movement could, indeed, be observed in the tank without coverage. However these frogs lost their shyness very quickly and reacted to disturbances later with less panic than frogs kept in the tank with hiding places. Their longer periods of swimming probably led to a higher metabolic rate. These frogs regularly consumed a greater amount of Tubifex sp. than the frogs kept with cover. The larger food intake might be due to the greater amount of swimming, that lead to an increased frequency of contact with food. It is also possible that the frogs without cover were hungrier, because of their high swimming activity.
In the tank with cover, frogs left their hiding place to feed only after a long time. These frogs never lost their shyness. When considering the poorer growth of this group it appears questionable that every Xenopus tank should have cover, as recommended by Grimm (1952) . e) Population density: Frogs with more area available per animal grew significantly faster than animals kept in the tank with a higher population density. Without doubt population density is one of the most important factors affecting the growth of X. laevis. f) Water care: Opinions diverge regarding the necessity of water changes for the maintenance of X. laevis. Most authors consider water changes necessary at a rate of one to 3 times weekly (Parker et al. 1947 , Andres et 01. 1948 , Raether 1978a . Arson [cit. in Parker et al. 1947 ), on the other hand, considers water changes 3 to 4 times yearly sufficient. Goldin (19921 describes a continuous inflow of water as hindering development and leading to symptoms of red-leg disease.
Water quality is not high in the natural habitats of x. laevis. These frogs apparently live frequently in sewage treatment pools (Deuchar 1975) . We therefore expected that filtration of tank water would not have a positive effect on the growth of Clawed Frogs.
The slower development of frogs kept in the tank with daily water replacement demonstrates that the short period of daily disturbance at least outweighs any positive effects due to better water quality. Frogs grew better in the tank with water replaced only once weekly. Water in this tank was so contaminated after 7 days that the frogs were hardly visible. According to Deuchar (1975) only little oxygen is absorbed by X. laevis through its skin. The vitality of these frogs may, therefore, be hardly impaired by highly contaminated water with a low oxygen concentration.
In contrast, cleaning of the water via a continuous filtering system affected the growth of the frogs definitely positively. We would therefore recommend this method of water care. g) Feeding: Avila & Fryre (1978) have studied the feeding behaviour of X. laevis and showed it to be adapted to aquatic life, differing from that of terrestrial anurans. For example, hypobranchial pump movements, producing a water current into the oral cavity, are performed by X. laevis. This behaviour has been described by Grimm (1952) as 'suckingsnapping'.
Feeding 1 to 2 times weekly is considered sufficient by some authors (Parker et al. 1947 , Ochse 1948 , Raether 1978a , Wu & Gerhart 1991 . However Parker et al. (1947) mentioned the necessity of feeding at least the juvenile frogs daily to prevent cannibalistic behaviour. X. laevis takes in any types of food it is capable of ingesting. In captivity most are fed earthworms, slices of liver and heart, Daphnia sp. and also dry pelleted food.
In the wild X. laevis lives in seasonable ponds. The dry periods are spent buried into the mud at the pond bottom. These frogs are therefore adapted to long periods of starvation [Merkle 1990 ). Nevertheless, from the results obtained in this study, feeding appears to be the factor most decisively influencing the growth of these frogs. The greatest differences in growth found in this study were seen between the 4 groups with different feeding. The only Hilken, Dimigen & Iglauer deaths occurred in 2 of these groups. Several frogs fed exclusively bovine heart or Xenopus pellets died, indicating these feeds to be unsuitable as the sole food for growing Clawed Frogs. These feeds alone should be used only for adult frogs. In addition, acceptance of these 2 types of food was poor and a high degree of water contamination occurred. With these 2 food types a filtering system or some other kind of daily water exchange is necessary. Goldin (1992) reports that newly captured wild Clawed Frogs were unable to adjust to pelleted food and died of starvation. Frogs raised in captivity, on the other hand, have apparently no problems with this type of food. In contrast, it is our experience that newly captured wild frogs feed even better on pelleted food than ones raised in captivity.
Clawed Frogs appeared to favour feeding on Tubifex sp., probably because this is a moving, living food. The water was contaminated macroscopically much less than with the other types of food offered in this study. Nevertheless Tubifex sp. does not appear to be suitable as a sale food. Resulting nutritional deficiencies cannot be ruled out. Furthermore, it is suspected that many parasites and bacteria, especially AeIomonas hydIophila, are introduced to the large tank in large number along with Tubifex sp. The large variation coefficient in the group fed Tubifex sp. might be explained by this. A. hydrophila is thought to be responsible for red-leg disease. Finally, Tubifex sp. is very expensive, making the raising of Clawed Frogs on it alone expensive. We recommend mixed feeding, alternating heart, Xenopus pellets and Tubifex sp. Nutritional deficiencies were not observed with this feeding programme and the introduction of bacteria was kept at a low level. In addition the variation coefficient was very low.
Variability of data
It has been shown that some of the factors examined in this study influence growth of X. laevis. An unexplained, and frequently large, variance remained within the individual groups. A possible individual-ethological component should be considered as the cause and could be the subject of future studies.
According to our observations, frogs with the least amount of fear, appearing first at the place of feeding, showed the best growth development.
A little later, all animals would be swimming about excitedly and snap at everything their front limbs contacted, including other frogs. One can assume that feeding under these conditions is an important stress factor for the animals. We therefore postulate that not only genetical and physiological, but also ethological factors could influence the growth rate of these frogs.
Chemical growth inhibitors secreted by members of the same species are said to playa role in some amphibians. Goldin (1992.) considers an epinephrine-like substance as mediator. Increasing the tank volume would dilute such a chemical inhibitor. Clawed Frogs with more water available should therefore grow faster. Our observations of frogs kept in tanks with different water volumes per frog do not support this theory. Chemical inhibitors do not appear to playa significant role in the growth regulation of X. laevis. Studies by others also show that Clawed Frogs do well in small water volumes. Raether (1978a) and Ochse (1948) consider 11 per frog as adequate. This value is similar to the 3.11 arrived at in this study. Wu & Gerhart (1991) successfully kept 2000-3000 animals in tanks with a water volume of 8001. Schneider (1956) , on the other hand, advocated 15-201 of water per animal.
